 [P la te 16] 
t F o r detailed review s, rela tin g to th e occurrence a n d possible significance of carotenoids, reference m a y be m ad e to th e ex tensive w ritin g s o f Z ech m eister (1934, i937 )> L ederer (1934, I 935> 1938) , a n d S tra in (1938) , as well as to th e earlier w o rk of P alm er (1922) a n d of V erne (1926) .
7 -C a ro te n e in th e se x u a l p h a s e o f th e a q u a t ic fu n g u s A llo m yc es [ 275 ] and Satina and Blakeslee (1926 a) remarked upon the occurrence of a yellow substance, concentrated particularly in the progametes and gametes of many Mucors. In 1927 Chodat and Schopfer, after extracting and testing the pigment from Mucor Memalis, identified it as a carotene. Their data suggest th a t a-carotene may have been the preponderant pigment, mixed, perhaps, with the /?-isomer.
In the group of Phycomycetes known as the water-moulds, methods of reproduction are very varied and of unusual interest. Orange-coloured pigments are only rarely formed in obvious quantities within the cytoplasm of these aquatic fungi, but the few known examples of such pigmentation are striking. Some Chytridiales, notably certain species of the genus Synchytrium, are characterized by the presence of an orange-red substance which is contained in their sporangia and spores. Two other genera of watermoulds, Blastocladiella and Allomyces, also synthesize and store orange pigment, the occurrence of which is made singularly interesting by the fact th at in most species of these fungi it is confined entirely to the sexual cells, and, moreover, to cells of one sex only.
Hitherto, as far as we know, no one of the cytoplasmic pigments in the water fungi has been investigated in detail. Kniep (1929) stated that the colour of the male gametangia in Allomyces depends upon a carotene (" . . .auf einem Karotin b eru h t", p. 204), but he presented no evidence to support this statem ent and made no further mention of it elsewhere in his two papers on Allomyces. The manifestation of profound pigmentary differences between the sexual and asexual generations of Allomyces suggested th a t a preliminary study (by I). L. F.) of the chemical nature of the pigments involved, combined with certain features of the current investigations (by R. E.) of sexuality and inheritance in the water-moulds, particularly Allomyces, would be of value. The results of such an investiga tion are reported in the present paper.
B io l o g y o f A llom yces
Before discussing the chemistry of the pigments, it will be well to review briefly the main points of interest in the morphology and life history of the fungus. In water culture, growing on natural substrata such as dead insects, seeds, plant debris, etc., Allomyces forms a characteristic growth similar in appearance to that of the more common water-moulds Adilya and Saprolegnia. The main part of the plant-body is composed of dichotomously branching filaments, which are one to two centimetres long and bear the reproductive organs at their tips.
The interesting type of sexual reproduction and the morphological alternation of generations exhibited in the life-cycle of certain species of Allomyces were first described by Kniep in 1929 and 1930 . Since that time Hatch (1933) , Sorgel (1937) and others have verified and extended Kniep's discoveries, and only a brief account of the significant stages in the life y-Carotene in Allomyces 277
SEXUAL ASEXUAL
F ig u r e 1 . Life cycle of Allomyces (subgenus Euallomyces) show ing: A, zoospore from re sis ta n t sp o ran g iu m ; B, g a m e to p h y tic h y p h a b earin g fem ale ($) a n d m ale (£) g am eta n g ia ; C, fem ale a n d m ale g a m e te s; D , p la n o zy g o te ; E , sp o ro p h y tic h y p h a b earing zoosporangia (Z ) a n d re sis ta n t sp o ran g ia (R S ); F , g erm in atin g re sis ta n t sp o ran g ium w ith o u te r w all (o) a n d inner m em b ran e (i). S em id iag ram m atic. A p p ro x i m a tely x 335 as here reproduced. T he o u te r w alls of re sis ta n t sp o ran g ia are show n in b lack to rep rese n t m elan in p ig m en t. S tip p led stru c tu re s co n tain ca ro ten e w ith in th e cy toplasm . All s tru c tu re s show n m erely in o u tlin e are u n p ig m en ted .
history need be given here. As shown in figure 1 , an asexual or sporophytic generation of plants (E) regularly alternates with a sexual or gametophytic generation (B). Asexual plants bear two kinds of sporangia, thin-walled zoosporangia and heavy-walled resistant sporangia. Spores (not shown in figure 1 ) from the former give rise to further sporophytes directly, while those from the latter develop into gametophytes (B). These sexual plants are monoecious and usually bear male and female gametangia in pairs. The female gametangia are somewhat larger than the males and, in the primary pairs, are regularly borne either terminally, as in A. or subterminally, as in A. j a v a n i c u s . In addition to these differences between the size and position of female and male gametangia, there is a marked colour difference which will be described in detail below. The gametes (C) which emerge show a similar colour difference, and the diameter of the females in more than twice th at of the males. Both types are motile, however, and nearly identical in structure. They fuse in pairs to produce biflagellate zygotes (D), which subsequently germinate, form sporophyte plants and thus complete the cycle.
Bearing this life history in mind we may turn to a consideration of the conspicuous pigments which occur in Allomyces. Sporophyte plants, whether growing in water or on agar, have a very characteristic brown colour, imparted to them by pigment(s) in the heavy, pitted, outer walls of the mature resistant sporangia. The inner membrane and the cytoplasm of these sporangia, as well as the spores which are produced, are colourless. Indeed, with the exception of the outer v ails of the resistant sporangia, all parts of the asexual plants are without colour; no visible traces of pigment are to be found anywhere within the cytoplasm. This condition is in marked contrast to th at which occurs in the gam etophyte: here, while hyphae and female gametangia are quite unpigmented, the male gametangia are coloured a brilliant orange. The pigment is contained in oil droplets or lipoid granules within the cytoplasm. I t is not found in the walls of the male gametangia which are perfectly hyaline and colourless after liberation of the gametes. The colour is still clearly visible in the male gametes after their emergence, and is frequently to be seen even in the zygotes shortly after plasmogamy has taken place. Then, during the short quiescent stage of the zygotes, but preceding germination, the pigment disappears, and no traces of it can be seen at any time in the life cycle until it reappears in the male gametangia of the next gametophyte generation. Although male and female gametangia are borne directly adjacent to each other on the same hyphae, those cells which give rise to the large female gametes have never been observed to show any traces of yellow pigment.
The life history which we have just outlined, characterized by an obvious alternation of asexual and sexual generations and a fusion of anisogametes, is not the only one which is known in Allomyces. Emerson (1938) has shown th at A. moniliformis and similar forms have a markedly different cycle with only one generation of plants, which, like the sporophytes of the previously described cycle, bear resistant sporangia and thin-walled Proc. Roy. S o c. , B , vol. On the basis of these differences in life cycle, Emerson has divided Allomyces into two subgenera, Euallomyces, to include species with a marked morphological alternation of generations, and Cystogenes, to include forms such as Allomyces moniliformis which are characterized by cyst formation and the lack of an obvious sexual stage.
Our studies have shown that, under certain cultural conditions (notably on oatmeal agar-see Methods), A. moniliformis produces large quantities of orange pigment, often sufficient to mask the usual brown colour imparted by the resistant sporangia and to give the culture the appearance of a gametophyte of Euallomyces. The pigment is sometimes concentrated in large oil-drops, but it is not confined, as in Euallomyces, to any particular structures or parts of the p la n t: it occurs here and there, indiscriminately, within the cytoplasm of resistant sporangia, thin-walled sporangia, hyphae and spores. Orange pigment is not, so far as we have observed, ever produced by the closely related species Allomyces cystogena, although this form has a life cycle identical with that of A. moniliformis.
Methods
All species of Allomyces can readily be grown in pure culture on a variety of substrata. On nutrient agar the fungus spreads vegetatively and forms large numbers of reproductive organs near the surface of the medium. If the cultures are placed in a fairly dry atmosphere, at an even temperature, to avoid condensation of moisture on the agar surface, the liberation of spores or gametes can be prevented, and pure asexual or sexual mycelia can be kept unmixed. The medium, found to be most satisfactory for growing both stages of Euallomyces for purposes of pigment extraction, was composed of agar (20 g.), soluble starch (15 g.), powdered yeast extract-Difco-(4 g.), K 2H P 04 (1 g.), and MgS04 (0-5 g.) in 1 1. of water. Species of Cystogenes form richer growths and produce more reproductive organs on a medium made up with 50 g. of oatmeal per litre of water, steamed for 1 hr., strained, and solidified with 20 g. of agar. Hence this, rather than the yeast-starch medium, was used to prepare cultures of Allomyces moniliformis and A. cystogena for extraction.
Vol. 1 2 8 . B.
In each experiment mycelium and reproductive organs of the fungus were scraped from the agar surface of a few (one to three) Petri dish cultures, placed in acetone, and stored therein, under an atmosphere of nitrogen. The flasks were agitated occasionally or allowed to stand, some times overnight, until all acetone-soluble pigment had been extracted. The completeness of the extraction was tested by additional washings with acetone, which usually removed only faint traces of adhering pigment solution, leaving the residual fungal m atter colourless.
All pigment was then transferred from acetone to petroleum ether (boiling range 50-60° C) by diluting the acetone with water and extracting repeatedly with the petroleum ether.
The resulting petroleum ether solutions were subjected to the partition test by shaking, first with 90 % methanol, in which most free xanthophylls are preferentially soluble, and then with 95-96 % methanol, in which monohydroxy xanthophylls are preferentially soluble, i.e. hypophasic against petroleum ether. (The monohydroxy xanthophylls (1) cryptoxanthin, (2) rubixanthin and (3) gazaniaxanthin show absorption spectra virtually identical with (1) /^-carotene and (2 and 3) y-carotene respectively, but they appear in the hypophase of 95-96% methanol when they are present (Kuhn and Grundmann 1934; Schon 1938) . Then, after protracted treatm ent with hot solutions of potassium hydroxide in methanol, to saponify any xanthophyllic esters, the pigment was restored to petroleum ether and again given the partition treatm ents with 90 and 96 % methanol.
As a result of such treatm ent, all the hydrocarbon materials (carotenes) were retained in the epiphase of petroleum ether, while free xanthophylls, had they been present, would have been removed by the first alcoholic extractions, and esterified xanthophylls by the wrashings with the same solvents, following the hydrolytic operation.
The petroleum ether solutions were rendered free of methanol by a few successive washings with distilled water. When clear of all traces of sus pended water droplets, the pigment was chromatographed by passing the solutions through Tswett columns of calcium carbonate (above) and cal cium hydroxide or magnesium oxide (below). Calcium carbonate adsorbs the commoner xanthophyllic carotenoids, allowing carotenes to pass readily, while calcium hydroxide and magnesium oxide exercise differential adsorptive affinities for the various carotenes, giving rise to coloured zones on the column, corresponding to the positions of retention of the different isomers (Zechmeister and v. Cholnoky 1938) .
In order to minimize the possibility of losses or alterations of the pig ment by oxidation, the final stages of chromatography, preceding and during which the solvent was being drawn out of the column to final dry-ness, were always carried out in a current of coal gas. Saponification operations were effected under an atmosphere of nitrogen.
Careful mechanical separation of the coloured zones from such columns, followed by complete elution of the adsorbed pigment with petroleum ether containing a trace of pure methanol, resulted in a considerable degree of purification, and rendered the pigment ready for crystallization and spectroscopic examination.
For the spectroscopic work use was made of a Hartridge Reversion Spectroscope (manufactured by R. and J. Beck, London) of recent design, supplied with a symmetrical slit.
Careful calibration of the instrument by examination of the emission lines of mercury, sodium and lithium, and the absorption bands of a con siderable number of known compounds (potassium permanganate, didymium nitrate, chlorophyll, cytochrome C and various other haematin derivatives, and a number of pure carotenoids), showed th at it was possible to secure readings of a satisfactory order of accuracy for the identification of our pigments. The maximum deviation of our readings from true values lay within 1-5 m fi,or at most 1-7 nyi, w determinations were of greater accuracy. Many of the same standard sub stances were examined with the same instrument independently by others (Mr S. W. Cole, Mr R. A. Beatty), who reported results of the same order of close agreement with corresponding true values.
It was frequently possible to secure improvement in the definition of absorption bands, and to increase the visibility of those bands in the violet region by interposing in the light beam a small blue-green Jena glass filter (BG 7; Schmelz-Nr F. 21426, from Schott and Gen., Jena) which trans mitted most of the light in the blue-green to violet end and screened out most of it in the region of the longer wave-lengths.
The transmission values of this filter (for 1 mm. thickness), in the region which is of importance in our investigation, are given by the manufacturers as follows: In order to gain a preliminary understanding of the pigments in Allomyces we have made extractions and analyses of ten different strains or isolates representing all the species now known, as well as three hybrids.*
The following observations and tests were made on the first four strains named below: (a) colour of growth on agar (based upon Ridgway's Color Standards and Nomenclature, Washington, D.C., 1912); (b) repeated extrac tion with hot and with cold acetone, and examination of solvent-free films of extracted lipoid material for traces of pigm ent; (c) treatm ent of chloro form solutions of the extracted lipoids with SbCl3, also with concentrated H 2S04 (both reagents yield blue colours with carotenoids); the LiebermannBurchard reagent (concentrated H2S04 and acetic anhydride), which gives a series of colours ending in green in the presence of sterols, was employed for the demonstration of such compounds.
The forms which we have studied separately are given below, followed by the results of te sts; for purposes of future reference, each individual strain is indicated according to its geographical source.
The asexual hybrids (no. 5 in the series) were given the tests described thereunder to determine something of the character of the brown pigment. * Tw o of th e species m e n tio n e d here, A . macrogyna a n d A . cystogyna, h av e n o t h ith e rto been defined b u t w ill be d escribed in a ta x o n o m ic tr e a tm e n t o f Allomyces w hich R . E . is now com pleting. I t is sufficient h ere to n o te th a t A . macrogyna is closely sim ilar to A.javanicus, w hile A . cystogyna agrees essen tially w ith A form is.
Colour: Russet to Mars brown. Extraction: Solvent-free lipoid films showed only faintest traces of yellow colour.
Chemical tests: SbCl3 negative; cone. H2S04 negative; LiebermannBurchard test positive.
Conclusions: Sterols always present, but no carotenoids in any of the above cultures.
5. Hybrids (S 31, S 34 and S 35): A.
ar (Burma 1 A) x (Burma 3). Colour: As above. Extraction: No pigmented m atter soluble in cold or hot water, cold or hot O In NaOH, dilute HC1, glacial acetic acid, acetone, absolute alcohol, or pyridine; much dark pigment extracted by hot, concentrated KOH, giving a yellow to brown, coffee-coloured solution; acidification of the filtered, clear, alkaline extract rendered it turbid.
Chemical test: An acidic, aqueous solution of FeCl3, which gave a positive reaction (blue colour) with resorcinol in water, gave no reaction with the above acidified alkaline extracts of the fungus material.
Conclusions: No carotenoids were demonstrable. Notwithstanding the failure to detect the presence of phenolic bodies, the other properties of the extracted, brown substance showed that it belongs to the melanin series of pigments.
II.
Euallomyces, sexual generation 1. A. arbuscula (Weston's stain frrom the Philippine Islands).
Colour: Less striking than other strains examined. Light ochraceous salmon or Capucine buff.
Extraction: Pigment removed only slowly by acetone, pyridine or ethanol. Fungal residue still contained traces of yellow pigment soluble in water and giving mild positive test for flavines by hydrosulphite bleaching followed by atmospheric reoxidation.* Partition: Epiphasic to 90 or 95% methanol, both before and after hydrolytic treatment.
Absorption spectrum in CS2: Solution red-orange. I, 532-5 m y ;I I, 493-5 m/^; III, 464-5 rn.fi.
Conclusions:
No true melanins; traces of flavines; small amounts of '/-carotene, but no xanthophylls or esters of these.
A. javanicus (Kniep's strain from Java).
Colour: Capucine yellow. Extraction: Acetone readily extracted all pigment, giving a rich yellow to orange solution.
Partition: All pigment epiphasic to 90 or 95 % methanol, before and after hydrolytic treatm ent.
Chromatograph: (1) A very pale, diffuse, pink zone remained in the CaC03 layer; (2) an orange zone migrated slowly through the CaC03 layer and became firmly adsorbed in the MgO column; (3) a trace of pigment mi grated as a very pale yellow band through the MgO layer into the filtrate.
(1) and (3) were in too small traces for investigation.
Chemical tests: Evaporation of the warmed eluting solvent (petroleum ether containing a trace of methanol) in a stream of nitrogen gave many microcrystals possessing the characteristic odour of carotenes. Chloroform solutions gave the following confirmatory tests for carotenoids: (1) blue colour with SbCl3, (2) blue colour with concentrated H2S04.
Crystallization: Dissolved in hot methanol, the pigment, on cooling, and with the addition of a trace of water, gave dark red microcrystals which were formed in bundles of radiating spindles (see plate 16, figure 2) . 
Conclusions:
No melanin pigment; no xanthophylls or xanthophyll esters but only y-carotene, accompanied by a faint trace of another caro tene.
A. javanicus (Fiji D2).
Colour: Orange. (A large majority of the gametangia in this strain are male, hence the colour is particularly intense.)
Extraction: All pigment readily extracted with acetone; no indications of melanin in the remaining fungal material.
Partition: Epiphasic to both 90 and 96% methanol, before and after hydrolytic treatment.
Chemical tests: Chloroform solutions yielded a blue colour upon treat ment with either SbCl3 or concentrated H2S04.
Chromatograph: Faint traces of pink in CaC03 layer; chief carotene fraction settled at top of MgO layer in red-orange band, while a paler zone of similar colour gradually developed a little way below. Filtrate colourless.
Crystallization: The main carotenoid constituent, which was y-carotene (vide infra), was crystallized out of a small amount of benzene by addition of methanol (cf. Winterstein 1933) as minute bundles of needle-like spindles (see plate 16, figure 3) .
Absorption spectra in CS2: ( a) Upper copious zone from chromatogram: red-orange in CS2; three-banded spectrum: Remarks: Using a new set of cultures of this strain we repeated the chemical investigation with the exception of the hydrolytic treatment. Spectroscopic examination of the y-carotene gave identical maxima as previously, while the small amount of /^-carotene gave essentially the same maxima, i.e. I, 520-5 mp; II, 485 mp.
Conclusions: No melanin. The carotenoid pigment, as in previous cases, contained no xanthophylls or xanthophyll esters, but was composed of considerable quantities of y-carotene and a small amount of /^-carotene.
A. macrogyna (Burma 3).
Colour: Zinc orange. Extraction: Readily with acetone. Partition: Entirely epiphasic to methanol solutions, both before and after hydrolytic treatment.
Chromatograph: Orange band travelled slowly through CaC03 layer and settled at top of MgO; faint traces of coloured material, remaining in CaC03 layer, and a very pale, diffuse zone, which travelled below the main discrete orange band into the MgO, were too small in quantity for further investigation.
Crystallization: Readily brought about by cooling methanol solutions of the pigment and adding a trace of water. Crystals of same habit as those described and photographed from A. javanicus (as shown in figure 2) .
Absorption spectrum in CS2: Usual three bands:
I, 533-6 m/< ; II, 495 m p ;I II, 463
Conclusions: No melanins present; much y-carotene, and a faint trace of another carotene; no xanthophylls.
y-Carotene in Allomyces
5. Hybrid (S316): A. arbuscula (Burma 1 A) J x i. macrogyn Colour: Orange. Pigment not diffusible into agar substrate. Direct preliminary examination of culture with spectroscope showed a broad diffuse band in the blue-green, with centre at about 522 rn.fi.
Extraction: Direct treatm ent with petroleum ether extracted no pig ment. Acetone readily extracted all pigment, giving a rich yellow solution.
Partition: Both before and after treatm ent with hot, methanolic KOH solution, the pigment was epiphasic to 90, 95, and even 99 % methanol.
Chromatograph: In CaC03 layer above, no bands, but only a very faint, pinkish, diffuse zone, bearing an insufficient quantity of pigment for in vestigation.
In Ca(OH)2 layer beneath: (1) a pale pink zone at top of layer, yielding very little pigment on elution; (2) a single, broad, discrete, orange zone a little way below the upper one; column beneath second zone, as well as filtrate, colourless, even after development of chromatograph with ben zene-petroleum ether mixtures.
Absorption spectrum in CS2: Whole pigment, directly following hydro lysis, but before chromatographing, showed the same spectrum as did the chief fraction from the chromatogram, viz: I, 533 m II, 495 m /i; III, 463 m fi.Eluted pigment from (1), upper, pale zone of Ca(OH)2 column, gave a red-orange solution in CS2; its bands were not sharp: I, ca. 535 mju (barely perceptible); II, 474-5 m/i (diffuse). Eluted single, lower, rich orange zone, gave a spectrum of three bands: I, 533 m II, 495 m f t ;I II, 463 m [i. Remarks and conclusions: y-carotene was the only pigment identified, and was present in considerable quantity; no xanthophylls or their esters were present. Melanin pigments were absent.
III. Cystogenes {no obvious alternation of generations)

A. cystogena (Burma IB).
Colour: Ochraceous tawny. Careful, repeated extraction of this material, followed by examination of the lipoid m atter and the application to it of the chemical tests used in studies of the other strains failed to reveal the presence of any carotenoid compounds, although sterols were demonstrated.
A. moniliformis (Wolf's strain, Mexico 46).
Colour: Ochraceous salmon. Extraction: Some pigment was yielded to acetone, imparting to the latter a pale yellow colour.
Partition: Pigment entirely epiphasic in petroleum ether when shaken with 90 or 96 % methyl alcohol, both before and after hydrolytic treatment.
Chromatograph: All pigment passed through CaC03 layer, becoming adsorbed at the top of the MgO layer as a pink-orange zone.
Absorption spectrum in CS2: Orange-yellow solution; three bands:
I, 536 my; II, 497 m/t; III, 464 m//.
Conclusions:
The only carotenoid pigment detected in this form was y-carotene.
y-Carotene in Allomyces D isc u s sio n
The following general conclusions can be drawn from the results of extractions and tests described above. (1) The brown colour of the resistant sporangia of Allomyces is almost certainly due to the melanin class of pigments. This conclusion is based upon the chemical tests applied to three cultures of asexual material (Hybrids S 31, S 34 and S 35) and upon the close similarity in the structure and appearance of resistant sporangia of all species ( C y s t o g e n e sa s well as (2) Asexual plants of Euallomyces, grown on the medium which we used, were essenti ally lacking in carotenoid pigm ent; no traces of carotenoids were detected in extracts of asexual material, although complete extraction was con sistently indicated, by the demonstration of sterols. (3) Sexual plants of Euallomyces formed quantities of a carotene, which, by ordinary inspection, varied in amount according to species but was identical in chemical behaviour and absorption spectrum with y-carotene. (4) Of the cyst forming Allomyces, which lack an obvious sexual stage, A. cystogena contained no detectable traces of carotenoid pigment, while A. moniliformis yielded y-carotene but no other carotenoids.
In all cases the carotene extracted passed readily through calcium car bonate, and by far the major part of it appeared as a single, discrete band, always at or near the top of the calcium hydroxide or magnesium oxide component of chromatographic columns. A second carotene, less easily adsorbed and therefore passing the chief zone on the column, was occasion ally observed, usually in very small traces; in one strain of A . javanicus (Fiji D 2) a secondary carotene of this sort was present in sufficient amount to identify it spectroscopically as the /?-isomer. Traces of other coloured zones sometimes appeared as well, but these pigments were usually in too small quantities for further study. It is significant that the total carotenoid gave the same sharp spectrum, with bands in the same respective positions, before chromatography as did the greatly preponderating fraction there after.
The chief pigment, crystallized in clusters of dark red, needle-shaped microspindles, as described above (see Results), underwent rather ready decomposition on covered glass slides, and, within an hour or two, showed incipient lack of crystalline definition, with gradual formation of minute, adhering, yellow or colourless droplets of oil. This degradation could be followed under the microscope, and the oil-droplets which formed are clearly visible in figure 2. Even when stored in methanol solution, under nitrogen and in a dark refrigerator, the crystals decomposed gradually, progressing within a week or ten days to an amorphous condition with bleaching of colour.
At no time were any free or esterified xanthophylls detected;* the pig ment extracted remained almost completely epiphasic, even against methanol solutions whose concentrations were 98 % or higher and in which the petroleum ether itself was partially soluble.
y-Carotene has an absorption spectrum virtually identical with that of its two known monohydroxy derivatives, namely, rubixanthin (Kuhn and Grundmann 1934) and gazaniaxanthin (Schon 1938) . In the partition test, however, both rubixanthin and gazaniaxanthin, in contrast with y-carotene, behave hypophasically when 95 % methanol, or greater concentra tions, are employed against petroleum ether solutions (Zechmeister and v. Cholnoky 1938; Schon 1938). Schon found th at his crystals of gazaniaxan thin appeared from benzene-methanol mixtures in the form of deep red, rectangular leaflets, whereas those of rubixanthin appear, without metha nol, as lighter, reddish brown prisms.
The epiphasic behaviour of our pigment, both before and after hydrolytic treatm ent, against solutions of 95-99 % methanol, distinguishes it clearly from rubixanthin or gazaniaxanthin; furthermore, its crystalline habit differs considerably from the former and radically from the latter. Its partitional and chromatographic behaviour show th at it is a carotene, and its spectrum is identical with th at of only one carotene known at present, namely, the y-isomer.
Like a-and /^-carotenes, the y-compound possesses vitamin A potency. I t is rare in plants, constituting only a very small fraction of most total * T h e absence o f x a n th o p h y llic c a ro ten o id s in Allomyces is in ag reem en t w ith th e o b se rv a tio n s o f L ed erer (1938), w ho re p o rts his failu re to d e te c t x an th o p h y lls or th e ir esters in a n y of th e species of fungi w hich he ex am in ed . I n ex cep tio n al cases, he found v ario u s caro ten es ac co m p an ie d b y one o r a n o th e r o f th e ra th e r rare m ono h y d ro x y com pounds such as ru b ix a n th in . carotene preparations from ordinary sources (Kuhn and Brockmann 1933^)-Besides our male Allomyces material, a few other relatively rich plant sources of this isomer include the skins of the tropical fruit of Gonocaryum pyriforme (Winterstein 1933) , the marsh dodder salina (MacKinney 1935), and certain fungi and bacteria (Lederer 1938, and others cited by him).
It will be of value to mention briefly here the few investigations which bear upon the occurrence of carotenoids in relation to reproductive struc tures and the processes of reproduction in plants. More than forty-five years ago Zopf (1892) observed th at the yellow pigments, stored in large amounts in the spores of many Rusts and certain Mucors, disappeared and, as he believed, were utilized during germination. He suggested, therefore, that they might be acting as reserve food-substances, and likened them to the carotene of the carrot, to which he ascribed the same function. Kohl (1902) accepted this idea; but, as Palmer (1922) says, " it is perhaps safer to admit merely th at they (the carotenoids) often occur in association with reserves" .
Emphasis has been placed upon the sexual and reproductive aspects of carotenoids by more recent investigations. Lendner (1918) believed th at more yellow pigment was always stored in the large (+ ) gametes of the heterothallic mould Mucor Memalis than in the smaller ( -) gametes. He suggested th at the more vigorous and highly pigmented (+ ) strain might well be considered to be the female. Satina and Blakeslee (1926 a), after comparing the (+ ) and ( -) strains of a wide variety of Mucoraceae, con cluded that (+ ) races showed, fairly consistently, a higher lipoid content and more yellow pigment than did the ( -) races. They, like Lendner, believed that the (+ ) and ( -) strains of Mucors correspond, respectively, to the female and male of other plants, in which the sexes are more highly differentiated. This relationship between pigmentation and sexuality in the Mucoraceae was further stressed by Chodat and Schopfer (1927) , when they reported the results of their investigation of carotene in Mucor hiemalis. They expressed the view that the higher carotenoid content in (+ ) races of Mucors reflects a general condition of more intense metabolism and greater storage of food reserves in female than in male plants. Satina and Blakeslee (19266) , while investigating numerous differences between the sexes of a variety of dioecious phanerogams, found th at the leaves of females yielded more yellow pigment to 6 0 % alcohol than did those of male plants. Some years later Murneek (1934) showed th at the leaves of spermatophytes such as C o s m o s, Salvia, and Soja contain the same amounts of chlorophyll whether they had been exposed to long or short photoperiods, but short-day plants flowered sooner and had more carotenoid pigment in their leaves than did long-day plants. Both longand short-day plants, while changing from the vegetative to the repro ductive state, showed a progressive increase in the amount of carotene and xanthophyll; the carotenoid content of their leaves reached a maximum at the time of flowering and then decreased.
The orange colour of the male gametes in Allomyces is comparable to similar pigmentation occurring in the male cells of many algae and some other cryptogams. During the course of our investigation, we learned (personal communication to D. L. F.) of the interesting study of pigments in the sexual cells of two brown algae, Fucus serratus and nodosum, being carried on by Professor I. M. Heilbron and Dr E. R. H. Jones at the Imperial College of Science and Technology. These investi gators have found th at although the female gametes contain considerable amounts of chlorophyll and fucoxanthin, they are without carotenes, while the male gametes, on the contrary, are pigmented with carotene(s) exclusively.
Another parallel example of pigmentation, of special interest from the phylogenetic stand-point, is th a t which occurs in the primitive fungus Blastocladiella (Rhopalomyces) variabilis. In this water-mould, which is clearly very closely related to A l l o m y c e s, Harder and S discovered sexual reproduction and a type of alternation of generations very similar to th a t of Euallomyces. In contrast with Allomyces, however, Blastocladiella bears isogametes on dioecious sexual plants; hence Harder and Sorgel have designated the sexes, or sexual strains, as (+ ) and ( -) rather than female and male. The point which is of interest here is th at the plants of one strain produce orange-coloured gametangia and gametes, while the sexual cells of the other strain are unpigmented. The pigment has not yet been identified chemically. Perhaps those who have worked with the (+ ) and ( -) strains of the Mucors might be inclined to term the orange gametes of Blastocladiella female, but it seems much more logical to liken them to the pigmented male gametes of Allomyces.
Microscopic observations of the orange pigment in Allomyces indicate that, whatever part it may play, it is not required in more than small amounts and is, therefore, very probably not serving merely as a reserve food-substance. In pure water cultures of young sexual plants, gametes are discharged as rapidly as they are formed, and sometimes only the faintest traces of orange colour appear in the male cells; yet normal sexual fusions take place, and the zygotes germinate readily under these natural conditions, notwithstanding the small amount of pigment developed. In older water-cultures or on agar media, where gamete discharge is pre vented by the high concentration of organic m atter or the lack of moisture, the carotene accumulates in quantities in excess of those which ordinarily occur in nature.
The studies of Kuhn, Moewus and Jerchel (1938) and Moewus (1939) have recently brought the question of carotenoids in relation to sexual reproduction into great prominence. These workers have indicated the specific part played by crocin in promoting the fusion, in light, of gametes of the green alga Chlamydomonaseugametos. Our investigations have not demonstrated a metabolic role played by y-carotene in sexual reproduction, but the absence of carotenoids from the asexual stage of Allomyces, the regular occurrence of carotene in the sexual stage, and its restriction to the male reproductive cells (excepting the unique condition in A . moniliformis) further emphasize the possibility that carotenoid pigments play an important part in reproductive processes.
We gladly take this opportunity to express our thanks to Professor Sir F. G. Hopkins, of the School of Biochemistry, and Professor F. T. Brooks of the School of Botany, for their continued interest and encouragement during this work. We are also indebted to various other members of each School for their numerous courtesies and their willing assistance in many ways.
Summary
In the life cycle of certain species of the aquatic phycornycete Allomyces an asexual or sporophytic generation regularly alternates with a sexual or gametophytic one. Asexual plants bear thin-walled, colourless zoosporangia and thick-walled, brown resistant sporangia; sexual plants bear colourless female gametangia and orange male gametangia.
The pigment in the resistant sporangia is confined to the heavy, pitted, outer wall; the inner membrane, the cytoplasm, and the spores which are formed are all colourless. The orange pigment, found exclusively in the male cells of the sexual phase, is present in oil-droplets within the cyto plasm and is still apparent in the male gametes after their emergence from the gametangia. There is not any trace of pigment in the female gametes, which, although more than twice the size of the males, are similar to the latter in structure and motility.
Results of the present chemical investigation of the pigments in Allomyces may be summarized as follows. The brown pigment of the re sistant sporangia belongs to the melanin group, and careful examination and tests have failed to reveal any detectable traces of carotenoids in the solvent-free material extracted from sporophytic plants. The brilliant, orange colour of the male cells in the sexual generation, on the other hand, is clearly due almost entirely, in the majority of cases examined, to the presence of carotenoid pigments. Melanins are rare or lacking in this sexual phase. No traces of oxygen-containing carotenoids, i.e. xanthophylls, xanthophyll esters, or carotenoid acids have been detected. y-Carotene was found in remarkably high concentrations, accompanied in certain strains by small amounts of other isomers such as /^-carotene. The pro nounced and nearly exclusive synthesis of the relatively rare y-isomer of carotene is of particular interest.
These findings concerning the pigmentation of Allomyces are in close accord with existing information: the synthesis and selective storage of carotenoids or their derivatives in structures associated with reproduction is well known in many other cryptogams as well as in countless higher plants. Notable also is the corresponding concentration of carotenoid pigments in the reproductive structures and secretions of many animals. The foregoing study lends emphasis to the probability th at such compounds play important biochemical roles in sexuality and the processes involved in the metabolism of reproduction. 
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T he upper frequency lim it for the b in a u ra l localization of a p u re tone by phase difference It is well known that if a pure tone is presented binaurally so th at its intensity is the same in each ear, and there is no phase difference between the notes at the ears, the resulting sensation is th at of a source of sound located in the median plane and situated either within the skull or outside it. If a difference of phase between the notes is gradually introduced w ith out altering their intensities, and the frequency of the tone is, say, 800 eye./sec., then the source appears to move laterally towards the side of the ear in which the phase is made to lead. According to some observers, the movement is on a horizontal circular arc centred between the ears, while others consider it to be along a line joining the ears. There is general agree ment among workers on localization that considerable difficulty exists in the detection of such movements at frequencies above 800 eye./sec., and that their extent is more limited, but they disagree as to the frequency above which the lateral motion ceases to be noted. Stewart (1920) obtained move ment at 1280 eye./sec., but not at 1536 eye./sec.; Banister (1925) found movements at 1040 and 1345 eye./sec., but anomalous in character. On
